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Abstract

T he Yaoling tungsten deposit has two types of tungsten mineralization, i.e., wolframite-quartz veins and
scheelite skarn. The *°Ar/?’Ar age of muscovite formed in the ore-forming period of wolframite-quartz veins is
(149.441£0.73) Ma, consistent with large scale tungsten and tin mineralization in M esozoic Yanshanian period
in South China, and this age represents the ore-forming time of wolframite-quartz vein deposits. The SHRIMP
zircon age of the buried biotite plagioclase granite body related to mineralization of wolframite-quartz veins is
(158£2) Ma, whereas the SHRIMP zircon age of Baijizhai biotite granite body related to mineralization of
scheelite skarn is ( 158 £1) Ma. The two ages are almost identical and represent crystallization age of the granite

related to tungsten mineralization. In the ore district, there exist inherited zircon cores with ages of 182. 3~
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189. 8 Ma and 400. 9~ 428. 5 Ma respectively in Baijizhai biotite granite and buried biotite plagioclase granite,
mmplying that the protolith of granites related to mineralization has igneous rock components of both early Y an
shanian period and Caledonia period.

Key words: geochemistry, Baijizhai granite, buried granite, SHRIMP zircon age, “ A/ ¥ Ar mineralization
age, Yaoling tungsten deposit
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Fig. 1 Regiona geological map of the Y aoling- M eiziwo tungsten ore belt ( modified after China Nonferrous M etals
R esource Geological Survey, 2007)
1—Quaternary; 2—Cretaceous; 3 —Caiboniferous; 4 —Devonian; 5—Ordovician; 6 —Cambrian; 7—Fault; 8 —W olframite vein;
9—Geological boundary; 10 —Unconformity; 11 —Granodiorite; 12—Monzogranite; 13 —Granite; 14—Quartz porphyry;
15—Muscovite biotite granite; 16 —Dacitic porphyry
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Fig. 2 Geological map of the Yaoling tungsten deposit (after Wang et al. , 2006;2007)

1—Cambrian; 2—Ordovician; 3 —Devonian; 4 —Biotite granite of second Y anshanian period; 5 —Granite of third Yanshanian period; 6 —Quartz

porphyry of Y anshanian period; 7 —W olframite-quartz vein; 8 —Scheelite skam; 9 —Fault; 10 —Inferred fault; 11 —Geological boundary;

12—Anguhr unconformity
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Fig. 4 CL photos of zircons from Baijizhai biotite granite (A) and buried biotite granite in the Yaoling

tungsten deposit
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1 SHRIMP
Table 1 SHRIMP U-Pb data of zircons from granite related tungsten mineralization in the Yaoling tungsten deposit
Z/b;b“ w 1(0?)5/ w ig,h(z/ 1322351};/ thf;;ﬁ/ Z%PH/Z;[; Wpt  WepL t,  Wip 2By 9, Wpyt B8y E9
( :08Yk2)
1.1 0.82 833 323 0.40 17.8 157.3%*1.9 0. 0484 3.5 0. 1648 3.7 0. 02470 1.2 0.332
2.1 2.70 3758 683 0.19 95.4 182.8%2.1 0. 0586 2.9 0.2323 3.1 0. 02876 1.2 0.372
3.1 1.92 4454 913 0.21 112 182.3%2.1 0.0721 3.1 0. 2850 3.3 0. 02868 1.2 0.358
4.1 0.41 1329 916 0.71 28.5 158.1%1.9 0. 0492 2.1 0. 1683 2.4 0. 02483 1.2 0.492
5.1 0.51 865 440 0.53 18.8 160.1%2.0 0.0515 2.5 0. 1785 2.8 0.02515 1.3 0.457
6.1 2.71 939 511 0.56 21.2  162.5%2.1 0. 0443 7.4 0. 156 7.5 0. 02553 1.3 0.173
7.1 1.97 288 229 0.82 6.18 156.0%3.0 0. 0455 10 0. 154 10 0. 02449 2.0 0.193
8.1 0.93 547 225 0.42 11.7 157.7%2.0 0. 0488 6.9 0. 167 7.1 0. 02477 1.3  0.185
9.1 1.46 506 135 0.28 10.8  156.5%2.1 0. 0492 7.1 0. 167 7.2 0. 02457 1.4 0.187
10.1 1.39 1226 574 0.48 26.5 157.9%1.9 0. 0589 4.1 0.2014 4.3 0. 02480 1.2 0.291
1.1 0.64 1320 578  0.45 27.9 155.8%£1.9  0.0573 2.8  0.1932 3.1  0.02446 1.2 0.399
12.1 0.34 745 420 0.58 15.7 155.2%*1.9 0. 0495 2.5 0. 1664 2.8 0. 02437 1.2 0.442
13.1 0.02 45997 4545 0.10 1,180 189.8%2.1 0. 04831 0. 60 0. 1991 1.3 0. 02989 1.1 0.884
14.1 1.44 290 152 0.54 6.50 163.5%2.2 0. 0500 6.3 0.177 6.5 0. 02569 1.3 0.208
15.1 1.31 444 676 1.57 9.53 157.2%2.1 0. 0483 5.6 0. 1643 58 0. 02469 1.4 0.240
( :08Y1-3)
1.1 0.13 8435 842 0.10 184 161.4%2.0 0. 04898 0. 62 0.1713 1.4 0. 02536 1.2 0.893
2.1 1.16 278 141 0.53 5.87 154.7%2.1 0. 0522 6.5 0.175 6.6 0. 02429 1.4 0.208
3.1 0.08 719 308 0.44 15.3 157.7%1.9 0.0515 2.2 0. 1757 2.5 0. 02477 1.2 0.480
4.1 0.45 334 149 0.46 7.11 157.1%2.4 0.0517 5.1 0. 1757 53 0. 02466 1.6 0.292
5.1 0.47 1236 430 0.36 27.5 164.0%1.9 0. 0477 2.2 0. 1695 2.5 0. 02576 1.2 0.478
6.1 0.14 1082 373 0.36 23.3  159.4%2.0 0. 05140 1.6 0.1774 2.0 0. 02504 1.2 0.624
7.1 0.22 273 97 0.37 15.1  400.9%8.7 0. 0558 2.0 0. 493 3.0 0. 0642 2.2 0.749
8.1 — 642 120 0.19 37.9 428.5%5.0 0. 05891 0. 89 0.5583 1.5 0. 06874 1.2 0.807
9.1 0.12 6591 506 0.08 145 162.8%1.9 0. 04974 0.58 0. 1754 1.3 0. 02557 1.2 0.902
10.1 0.04 5092 838 0.17 108 157.4%1.8 0. 05044 0. 63 0.1719 1.3 0. 02471 1.2 0.878
11.1 0.07 1295 198 0.16 75.9 425.27%4.8 0. 05538 1.1 0.5207 1.6 0. 06818 1.2 0.728
12.1 0.32 966 313 0.33 20.2 154.6%1.9 0.0518 3.2 0.1732 3.5 0. 02427 1.2 0.358
13.1 1.80 232 123 0.55 5.08 159.6%2.4 0. 0500 11 0.173 11 0. 02506 1.5 0.145
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5 U-Pb concordia diagram of zircons from Baijizhai granite and buried granite in the Yaoling tungsten deposit
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Table 2 “Ar¥Ar isotopic analyses of muscovite
/W] 36Al‘( A) 37Ar( Ca) 38Ar( Cl) 3QAI'(K) 4OAI( R) t i_ 20/ Ma 40A1"(H)/ % 39Al‘( K)/ %
1 4.5 % 0.000011  0.000036  0.000000  0.000983  0.007000 122.76% 3.86 68. 45 0.36
2 5.0% 0.000018  0.000076  0.000000  0.003268  0.026944 141.41% 1.81 83.29 1.19
3 5.5% 0.000021  0.000058  0.000000  0.010176  0.08901 149. 66 £ 0. 88 93.47 3.69
4 6.0 % 0.000012  0.000065  0.000000  0.013318  0.116108 149.19% 0.64 96. 98 4.83
5 6.5 % 0.000022  0.000068  0.000000  0.013566  0.118652 149. 64 0.70 94.73 4.92
6 7.0 % 0.000016  0.000076  0.000000  0.011994  0.105422 150.36% 0. 83 95.67 4.35
7 7.5 % 0.000019  0.000032  0.000000  0.011199  0.097094 148.39% 1.04 94. 61 4.07
8 8.0 % 0.000019  0.000057  0.000000  0.012047  0.104027 147.82% 0.86 94. 88 4.37
9 8.5 % 0.000010  0.000091  0.000000  0.012105 0. 104669 148.01% 0. 88 97.11 4.39
10 9.0 % 0.000010  0.000088  0.000000  0.014923 0. 128866 147.83% 0.77 97. 62 5.42
11 9.5 % 0.000009  0.000128  0.000000  0.015228  0.131483 147.81% 0.78 98. 03 5.53
12 10.0 % 0.000008  0.000143  0.000000  0.015549  0.134703 148.28% 0.70 98. 11 5.64
13 10.5 % 0.000007  0.000076  0.000000  0.014201  0.124575 150.08% 0. 85 98.37 5.15
14 11.0 % 0.000007  0.000070  0.000000  0.014685  0.128709 149.95% 0.74 98.35 5.33
15 11.5% 0.000008  0.000067  0.000000  0.011777  0.103335 150. 11% 0. 86 97.59 4.27
16 12.0 % 0.000005  0.000053  0.000000  0.010398  0.091402 150.37% 0.91 98. 41 3.77
17 14.0 % 0.000017  0.000541  0.000000  0.020796 0. 181732 149.53% 0.67 97.17 7.55
18 16.0 % 0.000056  0.000002  0.000000  0.020022  0.176880 151.09% 0.80 91.44 7.27
19 20.0 % 0.000013  0.000000  0.000000  0.015734  0.139731 151.85% 0.72 97.30 5.71
20 25.0 % 0.000009  0.000114  0.000000  0.033532  0.300607 153.23% 0.63 99. 02 12.17
v, 1. 64% 10715 mol/ mV
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Fig. 6 Plot of A" Ar plateau age spectrum, isochron and inverse isochron of muscovite from the Y aoling tungsten deposit



30 1 SHRIMP A P Ar 29
, (149. 44 £0.73) Ma, ¥ Ar OAr/PAr (149. 44 £0. 73)M a
86. 29% A O A A/ Ar W Sn ,
(149.35 £1.26) W Sn ,
M a;
( 6) (“Ar/ PAr) o W Sn
303 326, , ,
, , 170~ 150 Ma( , 2005h;
, , 2009)
SHRIMP 155~ 160 M a(
, 2004; , 2005; , 2006),
5
158~ 162 Ma( , 1997) ;
. 159 Ma 161
M a( , 1989),
( , 1999; U-Pb 162 Ma 153 Ma( ,
2005 a; 2005b; , 2008), 2009) 150~
(180~ 170 Ma), Cu Pb-Zn (Au) 157 M a( , 1987, , 1989; M ckee et
, ( 170~ 140 M a), al., 1987; Maruejol et al., 1990)
W Sn NbTa ,
(140~ 65 Ma), Sn U SHRIMP (158E1)Ma,
AuwCuePb-ZrAg (158
W Sn \ £2)Ma,
) , W Sn
W Sn , 160~ , 182. 3~
140 Ma OAr/ P Ar 189.8 Ma Lw(U) , 273x
144~ 147 M a( , 2004), K-Ar 107 % 1259x 10 °, \
153~ 158 Ma( , 2004), ,
A1/ ¥ Ar 155~ 159 Ma( ,
2009) , OAr/P Ar 159 400. 9~ 428.5 Ma
M a , 2008), Sm-Nd , ,
Rb-Sr , (4,
139 Ma 140 Ma( , 1993); ,
ReOs - ,
151 Ma( , 1996), ( )
151~ 160 M a( , 2007) - 2010)
(2005¢)
ReOs 154 Ma 159 U W Sn
M a( , 2008; ,2008), - ,
OAr/ P Ar
156 Ma( , 2010), \\% OAr/ P Ar
Sn SHRIMP



30

2011

9Ma s

’

350 C, 280 C ( M cDougall et

al., 1988),
800~ 900°C (170~ 140
M a)
( , 20054a) ,

(1)
“Ar/? Ar (149.44 £
0. 73) Ma, :
W Sn
(2
SHRIMP
(158 £1) Ma,
(15812) Ma,

’

(3) 182.3~ 189.8
Ma ’
400.9~ 428.5 M a

References

Cheng P R, Hua R M, Zhang BT, Lu J Jand Fan C F. 2002. Early
Yanshanian post orogenic granitoids in the Nanling region —petre-
bgical constrains and geodynamic settings[ J]. Science in China ( Se-

res D), 32(4); 279-289 (in Chinese) .

ChenZ X, Li SZ and ZhuJ G. 1989. Studies on metallogenic features
of Xihuashan and Hongling tungsten deposits|A]. In: Yichang In-
stitute of Geology, ed. Scientific reports of geology and mineral re-
sources in Nanling (2) [ C]. Wuhan: China University of Gee-
sciences Press. 277 325 (in Chinese) .

China Non-ferrous Metals Resource Geological Survey. 2007. Exple-
ration design report of relaying mineral resource project of Meiziw o
tungsten deposit in Shixing county, Guangdong Province] R]. 90
( in Chinese) .

Composton W, Williams IS, Kischvink J L, et al. 1992. Zircon U-Pb
ages of earlly Cambrian tim e scale[ J]. Journal of Geological Society.
149 : 17+184.

FuJ M, MaC Q, Xie C F, Zhang Y M and Peng S B. 2004. Zircon
SH RIMP dating of the Cailing granite on the eastern margin of the
Qiianling granite, Hunan, South China, and its significance|]].
Geology in China, 31(1): 96100 ( in Chinses with English ab-
stract) .

FuJM, LiHQ, QuW J, MaLY, Yang XJ, Wei JQ and Liu G Q.
2008. Determimation of mineralization epoch of quartz vein type
tungsten deposits in Shixing region, Northern Guangdong and its
geological significance[ J]. Geotectonica et Metallogenica, 32(1):
5762 (in Chinese with English abstract) .

Hua R M and Mao J W. 1999. A preliminary discussion on the M esozoic
metallogenic ex plosion in east China[ J|. Mineral Deposits, 18(4):
300-307 (in Chinese with English abstract) .

Hua R M, Chen PR, Zhang WL, LiuX D, LuJJ, Lin JF, Yao JM,
QiH W, Zhang Z Sand GuC Y. 2003. Metallogenic sysems re-
lated to Mesozoic and Cenozoic granitoids in South China[ J]. Sc+
ence in China( Series D), 46 (8): 816-829 (in Chinese).

Hua R M, Chen PR, Zhang W L, Yao J M, Lin J F, Zhang Z S and
Gu CY. 2005a. Metallogeneses and their Geodynam ic settings re-
lated to Mesozoic granitoids in the Nanling range[ J]. Geological
Journal of China Universities, 11(3): 29:304 ( in Chinses with
English abstract) .

Hua RM, Chen P R, Zhang W L and Lu JJ. 2005b. T hree major m et
allogenic events in Mesozoic in South Chinal J]. Mineral Deposits,
24(2):99107 (in Chinses with Englsh abstract) .

Hua R M. 2005c. Differences between rockfomming and related ore
forming times of the Mesozoic granitoids of crust remelting types in
the Nanling range, south China, and its geobgical significance[ J].
Geological Review, 51(6):632-639 (in Chinses with English ab-
stract) .

Jiang G H, Hu R Z, Xie G Q, Zhao JH and Tang Q L. 2004. k-Ar
ages of plutonisn and mineralization at the Dajishan Tungsten de-
posit, Jiangxi Province, Chmna[J]. Acta M neralogica Sinica, 24
(3): 253-256(in Chinese with English abstract) .

Koppers A A P. 2002. ArArCALG-software for © Ar/ 3 Ar age calcula-
tions[ J]. Computers & Geosciences, 28(5): 605-619.

LiHQ, LiuJ Q, Wei L. 1993. Study on geochronology of fluid nch+
sion in hydrothermal ore deposits and its geological applications

[ M]. Beijing; Geol. Pub. House. 126 (in Chinese) .



30 1

SHRIMP Op/PAr 31

LiHY, MaoJ W, Sun Y L, Zou X Q, He H LL and Du A D. 1996.
Re-Os isotopic chronology of molybdenites in the Shizhuyuan poly
metallic tungsten deposit, southern Huan[J]. Geological Review,
42(3):262267 (in Chinese with English abstract) .

Liu D H. 2009. Superseded resource prospecting of Y aoling W deposit in
Guamgdong[ J]. Mineral Deposits, 28( Supp) : 4348 (in Chinese) .

Liu S B, Wang DH, Chen Y C, Li JK, Ying L J, Xu J X and Zeng Z
L. 2008. “°Ar/¥ Ar ages of muscovite from different types tung
sten-bearing quartz veins in the Chong Y u- You concentrated mineral
area in Gannan region and its geological significance[ J]. Acta Geo-
bgica Sinica, 82(7):932 940 (in Chinese with English abstract) .

LiuY M, DaiT M, LuH Z, XuY Z, Wang C L and Kang W Q.
1997. “%A+3% Ar and Sm-Nd isotopic ages of the lihogenesis and
mineralization of the Qianlishan granite[ J]. Science in China ( Series
D), 27(5): 425-430 (in Chinese) .

Mao] W, Xie G Q, GuoC L, Yuan S D, Cheng Y B and Chen Y C.
2008. SpatiakTemporal distribution of Mesozoic Ore deposits in
south China and their metallogenic settings[ J].
of China U nivesities, 14(4): 510-526 ( in Chinese with English
abstract) .

Mao J W, Xie G Q, Cheng Y B and Chen Y C. 2009. Mineral deposit

Geological Joumal

models of M esozoic ore deposits in south China[ J]. Geological Re-
view, 55(3):347354 (in Chinese with English abstract) .

Maruejol P, Cuney M, Turpin L. 1990. Magmatic and hydrothemal
REE fractionation in the Xihuashan granites ( SE China) [J]. Con-
tribrtions to Mineralogy and Petrology, 104: 668 680.

M cDougall 1T and Hamison T. M.
mochronology by the *°Ax ¥ Ar method[ M ].
University Press, +212.

M cKee EH, Rytuba ] and Xu K Q. 1987. Geochromwlogy of the X+

1988. Geochronology and ther
New York: Oxford

huashan composite granitic body and tungsten mineralization,
Jiangxi Province, south China[ J]. Econ. Geol., 82: 218223.

Nasdala L, Hofmester W, Notberg N, et al. 2008. Zircon M 257 a he-
mogeneous natural reference material for the ion microprobe U-Pb
analysis of zircon[ J]. Geostandards and Geoanalytical Reseach, 32:
247265.

Peng JT, Ha RZ, BiX W, DaiT M, LiZL, Li X M, Shuang Y,
Yuan S D and Liu S R. 2007. *°Ar/3°Ar isotopic dating of tin min-
eralization in Furong deposit of Hunan province and its geological
significance[ J]. Mineral Deposits, 26( 3): 237248 (in Chinses
with Englsh abstract) .

Qiu H N. 2006. Construction and develbpment of new AxAr laborate-
ries in  China: Insight from GV-5400 AsAr laboratory in
Guangzhou institute of geochemitry, Chinese academy of sciences
[J]. Geochimica, 35(2): 133-140 (in Chinese with English ab-
stract) .

Song B, Zhang Y H, Wan Y S and Jian P. 2002. Mount making and
procedure of the SHRIMP dating[ J]. Geological Review, 48
(Supp.): 26-30(in Chinese ).

Special Group of Metallurgical Ministry on Nanling Tungsten Deposits.
1985, T ungsten deposits in South China[M ]. Beiiing: Metallurgs

cal Industry Press. 1496 (in Chinese) .

Sun G A, Shi M K, Zhang HL, et al. 1989. Study of petwology, gee-
chemistry, and metallogeny of Dajishan granie[ A]. In: Yichang
Ingitute of Geology, ed. Scientific reports of geology and mineral
resources in Nanling (2)[ C]. Wuhan: Press of China University of
Geosciences. 326-363 (in Chinses) .

Wang Y, Cheng M X, Li M G and Zeng Y X. 2006. Study on variety
and rule of mineralization in Yaoling tungsten mine n Guangdong
proovince, South China[ J]. M inerl Resources and Geology, 20(4
5):334-339(in Chinses with English abstract) .

Wang Y, ZhouSH, ChenM X, LiM G and Zeng Y X. 2007. Variety
and superposition in the Yaoling tungsten deposit, northem Guang
dong Province| J]. Geobgy and Prospectng, 43(3): F5( in Chns-
es with English abstract) .

Willams 1 S and Claesson S. 1987. Isotope evidence for the Precambrian
province and Caledonian m eatmorphism of high grade paragneiss
from the Seve Nappe, Scandinavian Caledonides, II. lon micre-
probe zircon U-T k-Pb[ J]. Contribrtions to Mineralogy and Petrole-
gy, 97: 205217.

WuY L, MeiY W, Liu PC, CaiC LandLu T Y. 1987. Geology of
the Xihuashan tungsten deposit[ M ]. Beijing: Geol. Pub. House
(in Chinese) .

Yang X J, FuJ M, Ma L Y, LiX N, Xu DM and Wei]J Q. 2008.
Geological characteristics and mineralization age of M eiziwo T ung
sten-Tin deposit in Shixing Region, Northem Guangdong[J]. Geo-
tectonica et Metalbgenica, 32(3):346 351 (in Chinese with Eng
lish abstract) .

Zhai W, Sun X M, WuY S, SunHY, HuaR M, Yang Y Q, LiW Q
and Li SH. 2010. SHRIMP U-Pb zircon ages of buried granodios
ite, muscovite “Ar/®Ar mineralization age and their geological im-
plications of Meiziwo tungsten deposit, north Guangdong Province,
China| J]. Geological Journal of China Universities, 2010(2): 16+
176 (in Chinses with English abstract) .

Zhang W L, Hua RM, Wang RC, LiH M and Chen PR. 2004. Si+
gle zircon U-Pb isotope age of the Wuliting granite in Dajishan area
of Jiangxi, and its geological implication[ J]. Acta Geologica Sinica,
78(3): 352 358 ( in Chinses with English abstract) .

Zhang W L, HuaR M, Wang RC, LiHM, QuW Jand JiJ Q. 2009.
New dating of the Piaotang granite and related Tungsten mineraliza-
tion in southern Jiangxi[ J]. Acta GeologicaSinica, 83(5): 666 370
(in Chinses with English abstract) .

Zhao K D, Jang S Y, Jiang Y H and Liu D Y. 2006. SHRIMP U-Pb
dating of the Furong unit of Qianling granite from southeast Hunan
province and their geological implications| J]. Acta Petrologica Sin+
ca, 22(10): 261+2616 ( in Chinses with English abstract) .

Zhu] C, Zhang H, Xie C F, Zhang P H and Yang C. 2005. Zircon
SH RIMP U-Pb geochronology, petrology and geochemistry of the
Zhujianshui granite,
[J]. Geological Journal of China Universities, 11(3):335342 (i
Chinses with English abstract) .

Qitianling pluton, southern Hunan province



32

2011

, \ , , . 2002.
[J1. (D
), 32(4): 279 289.
, , . 1989,
[A]. ,
() 1a . 277-325.
. , , , . 2004.
SHRIM P [J1. , 31
(1): 96 100.
, , , , , , . 2008.
[J].
,32(1):57-62.
, . 1999. [J1.
L 18(4): 306 307.
, . 2003.
[J1. (D ),33(4):335341.
. , , , , , . 2005a.
[J].
L 11(3): 291304,
. 2005b. 3

s ’ ’

LJ]. ,24(2):99-107.
. 2005c. -
[J]. ,51(6): 633-639.
, , , , . 2004.
[J]. , 24(3) : 253-256.
, , . 1993,
[M]. . F126.
, , , , , 1996.
Re Os [J]. , 42
(3):262267.
. 20009. [J].
, 28( Supp) : 43-48.
, , , , , , . 2008.
—_ —_ 40A ¢/
Ar [J]. , 82(7): 932 940.
, , , , , . 1997.
OA3Ar  Sm-Nd [J]. (D
). 27(5) : 425 430.
, , , , , . 2008.

[J].

, 14(4):5108-526.
> s s . 2009.
[JI. ,55(3):347-354.
. 2007. OAr/PAr
[J]. ,26(3):237-248.
. 2006. Ax Ar
ArAr [J]. ,35(2):
133 140.
, , , . 2002. SHRIMP
[J] . ,48 ( ):2630.
> s , . 1989.
( H)[C]. . 326-363.
> s s . 2006.
[J]. ,20(45):334339.
> s s s . 2007.
[J]. ,43(3): kS
s s s s 1987.
[A]. ( )[M]
> s s , s . 2008.
[J].
32(3):346 351.
. 1985. [M],
F 496.
2010. SHRIMP
4OAr/ P Ar [J]. ,2010(2):
161 176.
> s , s . 2004.
U-Pb [J].
,78(3): 352-358.
> , , , s . 2009.
[J]. , 83
(5):660-370.
> s s . 2006.
SHRIMP U-Pb [J]. ,22(10):
2611 2616.
. 2007.
[R]. E90.
> s s s . 2005.
SHRIMP U-Pb [J].
, 11(3):335342.



